Voluntary hand movement (VM) just after quadripulse stimulation (QPS) abolished the QPS aftereffects. VM at 20 min after QPS briefly weakened the QPS aftereffects but not continuously. Subjects should keep the target muscle relaxed soon after rTMS intervention.
h i g h l i g h t s
Voluntary hand movement (VM) just after quadripulse stimulation (QPS) abolished the QPS aftereffects. VM at 20 min after QPS briefly weakened the QPS aftereffects but not continuously. Subjects should keep the target muscle relaxed soon after rTMS intervention.
a b s t r a c t
Objective: Contractions of the target muscle influence the aftereffects of repetitive transcranial magnetic stimulation (rTMS). The aim of this paper is to investigate whether or not voluntary hand movement influences the aftereffects of quadripulse stimulation (QPS) on the hand motor area. Methods: Thirteen healthy volunteers participated in this study. After QPS-5 or QPS-50 intervention over the motor hot spot for the right first dorsal interosseous muscle (FDI), the subjects performed voluntary motor tasks (opening-closing right hand movements at 1 Hz for 1 min). We compared the time courses of MEP size between the conditions with and without voluntary movement. Results: When the subjects moved their hands immediately after QPS, both QPS-5 and QPS-50 aftereffects were abolished. However, if they moved their hands at 20 min after QPS, the long-term aftereffects were preserved. Conclusions: Voluntary hand movement applied after intervention influences QPS aftereffects, but the magnitude of the influence depends on the delay between QPS and the voluntary movement. Significance: In the plasticity induction experiments, we should always be mindful of the fact that voluntary movement, including the target muscle, seriously influences the induced long-term effects of QPS. Ó 2015 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Repetitive transcranial magnetic stimulation (rTMS) is able to induce long lasting excitability changes in the human motor cortex, which are analogous to synaptic plasticity: long-term potentiation (LTP) and long-term depression (LTD). Patterned rTMSs, such as paired associative stimulation (PAS), theta burst stimulation (TBS), or transcranial direct current stimulation (tDCS) can also induce these effects (Stefan et al., 2000; Nitsche and Paulus, 2001; Huang et al., 2005) . However, these aftereffects can be readily modulated by various confounding factors (Ridding and Ziemann, 2010) , one of which is contraction of the target muscle. Ziemann et al. (2004) reported that ballistic thumb movements prior to PAS converted its LTP-like aftereffect to LTD and enhanced the LTD-like aftereffect. Gentner et al. (2008) demonstrated that continuous isometric contraction of the target muscle before intervention reversed continuous TBS (cTBS)-induced facilitation to depression. Iezzi et al. (2008) reported that phasic voluntary finger movements prior to TBS reversed the aftereffects. Metaplasticity must be responsible for these modulations (Abraham, 2008 
